Manidipine, a Ca2+-channel blocker, at concentrations that lower elevated blood pressure, modulates the transcription rates of cytokine genes in the mesangial cells of humans that had been stimulated with platelet-derived growth factor BB isomer; although the transcription for mRNA of interleukin 1p3 and granulocyte/monocyte colony-stimulating factor was inhibited, the transcription of mRNA for interleukin 6 was enhanced. Additionally, the induction of c-fos, c-jun, and 3-hydroxy-3-methylglutaryl-coenzyme A reductase transcription was inhibited by manidipine. We conclude that manidipine, at nanomolar concentrations, is efficacious in modulating gene transcriptions that are involved in proinflammatory changes of mesangial cells. Thus, manidipine, at pharmacological concentrations that are one to two orders of magnitude lower than those required for inhibition of agonist-or depolarization (K+)-induced vasoconstriction, causes changes in the activity of the genes that code for inflammatory mediators.
ABSTRACT
Manidipine, a Ca2+-channel blocker, at concentrations that lower elevated blood pressure, modulates the transcription rates of cytokine genes in the mesangial cells of humans that had been stimulated with platelet-derived growth factor BB isomer; although the transcription for mRNA of interleukin 1p3 and granulocyte/monocyte colony-stimulating factor was inhibited, the transcription of mRNA for interleukin 6 was enhanced. Additionally, the induction of c-fos, c-jun, and 3-hydroxy-3-methylglutaryl-coenzyme A reductase transcription was inhibited by manidipine. We conclude that manidipine, at nanomolar concentrations, is efficacious in modulating gene transcriptions that are involved in proinflammatory changes of mesangial cells. Thus, manidipine, at pharmacological concentrations that are one to two orders of magnitude lower than those required for inhibition of agonist-or depolarization (K+)-induced vasoconstriction, causes changes in the activity of the genes that code for inflammatory mediators.
Mesangial cells (MCs) proliferate during the course of immune-and nonimmune-mediated glomerular diseases of the kidney (1) . There is evidence that platelet-derived growth factor (PDGF) is involved in inflammatory changes associated with renal tissue injury: receptors for PDGF have been identified in rat and human MCs (2); MCs express mRNAs for PDGF AA and BB isoforms (PDGF-AA and PDGF-BB) (2) and proliferate in response to PDGF (3); the expression of the receptors for PDGF and the mRNA of PDGF-BB in the kidney are increased during inflammation (4) (5) (6) ; and PDGF induces the transcription of various genes-e.g., low density lipoprotein receptor (LDL-R) and 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase genes (7)-both of which are involved in the regulation of the biosynthesis of cellular cholesterol, which is impaired in glomerular diseases. In addition, it has been suggested that the proliferation of vascular smooth muscle cells (VSMCs) in the areas of plaque formation in atherosclerosis is due to PDGF being released at the sites of endothelial injury (8) . Because PDGF has a similar role in atherosclerosis and glomerulosclerosis, the two diseases, consequently, are strikingly analogous (9).
Ca2'-channel blockers lower elevated blood pressure (10), inhibit the synthesis of DNA in VSMCs (11) and MCs (12) , and reduce the development of atherosclerotic lesions in experimentally induced hypercholesterolemia (13) . They may increase the glomerular ultrafiltration coefficient, which is limited, in part, by MC function, and stimulate the expression of the interleukin 6 (IL-6) gene (14) .
Ca2+-channel blockers have protective effects on renal injury, as histological evidence has indicated (15) . Furthermore, we have reported that PDGF-BB-dependent transcription of the genes for LDL-R and HMG-CoA reductase was modulated by the drugs: whereas PDGF enhanced the expression of the mRNA for LDL-R, the transcription of the mRNA of HMG-CoA reductase was inhibited (16) . Moreover, the transcription ofthe latter gene was shown to involve the action of protein kinase C (PKC) (16) .
To delineate the potential protective effect ofCa2l-channel blockers on PDGF-mediated tissue injury, we have examined the potency of the Ca2l-channel blocker manidipine for its ability to affect PDGF-BB-dependent transcription of mRNA for interleukin 113 (IL-1,B), IL-6, and granulocyte/monocyte colony-stimulating factor (GM-CSF) in human MCs. We report here that (i) transcriptional rates of the mRNAs for IL-1,8, c-fos, c-jun, HMG-CoA reductase, and GM-CSF are inhibited by the drug; (ii) this is paralleled by an inhibitory effect of manidipine on the synthesis of DNA and cell growth; (iii) in contrast, the transcriptional rate of the IL-6 gene is amplified; (iv) whereas the effects of the drug on gene transcription occur in the nanomolar range, the inhibitory effect on the synthesis of DNA and cell growth occurs at a 1-to 2-fold higher order of magnitude; and (v) the effect of manidipine on gene activation is apparently independent of the presence of Ca2+ but involves the action of PKC. tTo whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Effects of Manidipine on rPDGF-BB-Dependent Induction of IL-1p, IL-6, and GM-CSF mRNAs. rPDGF-BB, when added to cultured MCs, induced the cytoplasmic accumulation of the mRNA transcripts of the three cytokines; however, the kinetics of the transcriptions were unique. Whereas transcription of IL-1p mRNA began to increase at 30 min, peaking at 1 hr, and declining thereafter, the transcription of the mRNA for IL-6 increased at 2 hr and ceased at 4 hr; the transcriptional rate of the mRNA for GM-CSF started to increase at 1 hr and reached a maximum at 4 hr, after which it returned to its basal level. However, manidipine (at 10-9-10-6 M) modified the rPDGF-dependent transcription of the genes in the following way: whereas transcription for IL-1/3 was inhibited to the basal level, transcription of the mRNA for GM-CSF was inhibited by -50%. In contrast, the tran- M) followed by stimulation with PDGF-BB (10 ng/ml) or incubated with low serum medium alone. The medium was replaced each day, and the cells were counted at days 1, 3, and 5. The experiments were performed in triplicate using both cell lines. Extraction of Total RNA. Total RNA was extracted according to a modified protocol of Chomczynski and Sacchi (19), as described in detail (7) . The RNA was quantitated by spectrophotometry (260 nm/280 nm).
Northern Blot Analyses. For Northern blots, equal amounts of RNA were denatured at 950C for 5 min in sample buffer (50% formamide/l0o glycine/1% bromophenol blue) and then size-fractionated by electrophoresis through a 1% agarose gel containing 0.02 M morpholinosulfonate, 2% formaldehyde, and 0.2 Ag of ethidium bromide per ml (20) and performed as described (7) .
Nuclear Runoff Assay. Nuclear runoff assays were performed as described by Nevins (21) . Nuclei from 1 x 108 MCs were isolated, and RNA chains were elongated with creatinine kinase (5 mg/ml) in the presence of 500 mCi of [32P]UTP (3000 mCi/mmol; 1 Ci = 37 GBq) and 10 mM ATP, CTP, and GTP. Labeled RNA was extracted according to the guanidinium isothiocyanate method and analyzed by dot blot (21) . Quantitation of the synthesis de novo of mRNAs was assessed using autoradiography. Chenical Agents. Manidipine was from Takeda (Kyoto), verapamil was from Knoll (Liestal, Switzerland), amlodipine was from Pfizer (Sandwich, U.K.), and diltiazem was from Godecke (Freiburg, F.R.G.). scription of the IL-6 gene was augmented. Thus, manidipine (10-8 M) increased the PDGF-dependent transcription of the mRNA by 1.5-fold (Fig. 1) .
Transcripts formed from activation of several cytokines are subject to rapid degradation. To determine whether manidipine affects mRNA levels by modulating degradation of the transcripts, nuclear runoff transcription assays were performed. As shown in Fig. 2 , manidipine affected the mRNAs at the level of transcription and not by changing their degradation; the increase of steady-state level of transcribed mRNA for IL-6 was abolished by treating the cells with actinomycin D (5 ug/ml). This confirms that the effect of manidipine on PDGF-BB-induced gene transcriptions occurred at the level of mRNA synthesis.
The viability of MCs treated with manidipine was -95% at 24 hr of culture; cells, following a cycle of washing and reexposure to rPDGF-BB, responded normally in terms of the synthesis of DNA and cell growth. In addition, the morphology of the cells was not altered by treating them with manidipine, as attested by phase-contrast microscopy.
Effects of Various Ca2+-Channel Blockers on rPDGF-BBInduced Transcription of IL-1l(, IL-6, and GM-CSF mRNAs. Various Ca2+-channel blockers affected PDGF-induced changes in the transcription of mRNA of these cytokines (Fig. 3) (Fig. 4) . In the absence of PDGF, none of the three Ca2+ modulators affected transcription of the genes studied (data not shown).
Effect of Manidipine on rPDGF-BB-Induced Activation of c-fos, c-jun, and HMG-CoA Reductase mRNAs. It was reported previously that the PDGF-dependent induction of c-fos and of HMG-CoA reductase genes is regulated by PKC (7, 22) . Additionally, the PKC agonist phorbol 12-myristate 13-acetate (PMA) induces the transcription of the c-jun gene (23) . A PDGF-dependent activation of PKC can be inhibited by various Ca2+-channel blockers (11) .
Similar to polymyxin B, an inhibitor of PKC, manidipine abolished PDGF-induced transcription of c-fos and HMGCoA reductase mRNAs; transcription of c-jun mRNA, however, was reduced only partially (=50%) (Fig. 5 ). This implies that manidipine affects gene-activating mechanisms by influencing the activity of PKC. Furthermore, the-potency of Ca2+-channel blockers to modulate gene transcription is distinct. Whereas all four drugs inhibited the transcription of c-fos and HMG-CoA reductase, the dihydropyridines, amlodipine and manidipine, reduced the induction of c-jun only partially (-60%o); conversely, the phenylalkylamine, verapamil, and the benzothiazepine, diltiazem, completely inhibited transcription of c-jun (Fig. 6 ). PDGF-BB-induced gene transcription of IL-1P and GM-CSF while augmenting the induction of the transcription of the mRNA of IL-6. The effect of manidipine on gene activation of cytokines is apparently independent of Ca2' influx but coincides with inhibition of induction of c-fos and HMG-CoA reductase genes, all of which are regulated apparently by PKC. The inhibitory effect of manidipine at high concentrations on rPDGF-dependent growth and synthesis of DNA in MCs is similar to the antiproliferative potencies of diltiazem, nifedipine, and verapamil in MCs that were reported to be in the micromolar range (2, 11) . However, those high concentrations of Ca2+-channel blockers are not present usually under physiological conditions; they inhibit agonist-and depolarization (K+)-induced contractions of VSMC preparations (24) . However, our current data indicate that manidipine, at concentrations that are in the therapeutic range (nanomolar), is capable of lowering elevated blood pressure in vivo and modulates transcription of genes involved in the inflammatory response of MCs.
MCs are known to translate the mRNAs for IL-1p, IL-6, and GM-CSF, all of which are potentially relevant for inflammation and immunity at the glomerular site (25) (26) (27) . The inhibition of transcription for IL-1, and GM-CSF by manidipine indicates, therefore, its antiinflammatory potency by interfering with PDGF-dependent signals that otherwise induce autocrine and paracrine effects on MCs. Manidipine superinduced transcriptional amplification of the IL-6 gene that was comparable to the effect that verapamil had on human T cells (14) . Considering that IL-6 possesses antiviral activity (28) and stimulates the expression of acute-phase proteins (28) 8644, Ca2+ ionophore A23187, Ca2+-free medium, nor TMB-8 altered the effect of manidipine on PDGF-induced gene activation. This clearly argues against a Ca2+-dependent mechanism relevant for the regulatory effect of manidipine on gene transcription. Although inhibition of ATP utilization and blockage of (K+) channels cannot be excluded, we particularly favor the participation of PKC in gene regulation as relevant for the action of manidipine because (i) PDGF stimulates the activation of PKC (11); (ii) similarly, PDGF induces the expression of c-fos and HMG-CoA reductase, all of which are known to be stimulated by PKC; (iii) the induction of gene transcriptions is blocked by manidipine; and (iv) PDGF-dependent activation of PKC can be inhibited by Ca2'-channel blockers (11) .
Modulation of gene transcription is achieved by direct binding to specific DNA sequences or, indirectly, by altering the activity of transacting DNA-binding proteins. Assuming that PKC controls the interaction between repressor factors and its corresponding DNA sequences or DNA-binding proteins, respectively, a modulation of PKC activity would result in a change in the action of the repressor factors. In this context, it was reported that PMA, which stimulates the activity of PKC, causes the expression ofc-fos and c-jun (29) . Fos and Jun are able to form heterodimeric complexes (transcription factor AP-1) which bind to and activate genes via the PMA response element (for review, see ref. 30 ).
According to recent reports, the interaction of various growth factors and hormones affecting transcriptional events involves the action of AP-1 (31, 32) . Moreover, c-jun encodes a protein similar to AP-1 (33) . Thus, the PKC signal transduction pathway converges through the interaction between the cell membrane receptors and the Jun and Fos oncoproteins. Taking into account that Ca2+-channel blockers intercalate into biomembranes, thereby changing hydrophobic/ Ca2l-channel blockers, might affect the activity of PKC by influencing these signals with resultant changes at the gene level. The unique ability of Ca2l-channel blockers to alter c-jun/AP-1 activation may provide a new way of defining its modulatory influence on gene activation. Alternatively, manidipine can bring about the stimulation of gene transcription-i.e., for IL-6-by inhibiting the synthesis of a negative regulatory protein that controls mRNA transcription (14, 16) . Further studies are required to resolve the action of Ca2+-channel blockers with regard to their organ-protective mechanisms at the gene level.
